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杀菌性能；各纳米级棒脚越细长，其构成的多脚状 ZnO 颗粒的杀菌活性越高。 
2. 改性 MMT 的制备采用热改性，酸改性，热、酸综合改性，以及壳聚糖
盐酸盐(CSHC)、壳聚糖季铵盐(CSQA)、壳聚寡糖(CSOS)与羧甲基壳聚糖(CSCM)
四种壳聚糖衍生物改性等。其中，500 ℃热改性后再经 4 mol/L 盐酸改性所得样
品负载 CSHC 后有明显的插层效果。牛津杯法抑菌圈试验结果表明：酸改性 MMT
及 CSQA 改性 MMT 具有抑菌活性，但其抑菌持久性差。振荡法试验结果表明：
酸改性 MMT 以及酸改性后负载 CSHC、CSQA 与 CSOS 所得改性 MMT 均具有
很好的杀菌性能。分析表明，各改性 MMT 抗菌性能分别来自 H+及季铵阳离子
的溶出抗菌作用、MMT 的吸附抗菌作用以及 CSHC 等壳聚糖衍生物的接触抗菌
作用等。 










































With the development of society, people's requirements on environmental 
hygiene and food safety are increasing. Antibacterial materials gradually become 
important research areas since they can dramatically reduce the risk of bacterial 
infection. In recent years, a variety of new antibacterial agents have been developed, 
which are applied widely to pharmacy, health care products, food, sanitary products, 
daily-used chemical industry and other industries.  
In this paper, two kinds of new antibacterial agents including nano-ZnOs and 
modified montmorillonites (MMTs) were prepared. The samples were characterized 
by X-ray powder diffraction (XRD), scanning electronic microscopy (SEM), 
transmission electron microscopy (TEM), N2 adsorption-desorption, 
thermogravimetr-derivative thermogravimetry (TG-DTG) and fourier transform 
infrared spectroscopy (FT-IR). The antibacterial properties and the combined effect 
of the two kinds of antibacterial agents on Escherichia coli DH-5α were studied. The 
research work was described in detail as the following aspects:  
1. Nano-ZnOs were synthesized by microwave heating, using 
Zn(CH3COO)2·2H2O and NaOH as raw materials, in the solvent of quaternary 
ammonium hydroxide aqueous solution such as tetrabutylammonium hydroxide 
(TBAH). By controlling experimental conditions, sphere-like, sheet-like, rod-like or 
multipod-like microcrystals were synthesized in a very short time. The growth process 
of nano-ZnO samples was discussed. The results indicated that the quaternary 
ammonium cation played an important role in the crystal growth process, and the 
particle size of nano-ZnO decreased with increasing concentration of quaternary 
ammonium hydroxide, concentration of NaOH or with decreasing concentration of 
Zn(OH)42-. The results of antibacterial tests showed that the smaller the partical size 
of ZnOs were, the better antibacterial properties were, and the multipod-like 
microcrystals had better antibacterial properties. The antibacterial mechanism of this 
kind of inorganic antibacterial agent was discussed. 
2. The MMTs were modified with different methods including heat-treatment, 
acid-treatment and chitosan derivatives-treatment. The results showed that the 
chitosan hydrochloride (CSHC) was inserted into the layer of MMT prior modified by 















quaternary chitosan (CSQA)-treated MMTs, and acid-treated-MMTs loaded with 
chitosan derivatives except carboxymethyl chitosan (CSCM), all had good 
antibacterial properties. The research on mechanism indicated that antibacterial 
properties resulted from the sterilization by exudation of H+ or quaternary ammonium 
cationic, the adsorption of bacteria on MMTs and the sterilization capacity of chitosan 
derivatives supported by MMTs.  
3. The combined effect of nano-ZnOs and modified MMTs were briefly 
discussed. The results of antibacterial tests showed that the antibacterial properties of 
ZnOs combined with the little-antibacterial MMT, which was modified by heat and 
acid first and then loaded with carboxymethyl chitosan, were better than ZnOs. The 
research on mechanism indicated that different swelling capacity, suspension property, 
adsorption capacity, acidic capacity and the antibacterial components of the modified 
MMTs could inhibit or synergize the antibacterial properties of nano-ZnOs. 
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